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INTRODUCTION 

During t h e  p e r i o d  1976-81 b i o l o g i s t s  of the  I n s u l a r  Ecosystem S t u d y  

Task o f  t h e  Southwest F i s h e r i e s  C e n t e r ,  Honolulu Labora to ry ,  have been 

engaged i n  an e x t e n s i v e  s u r v e y  of t h e  f i s h e r y  r e s o u r c e s  of the  Northwestern 

Hawaiian I s l a n d s  ( N W H I ) .  During t h e  e a r l y  e x p l o r a t o r y  phase of t h e  s u r v e y  

s u b s t a n t i a l  p o p u l a t i o n s  of s p i n y  l o b s t e r ,  P a n u l i r u s  n a r g i n a t u s ,  were 

d i s c o v e r e d  on s e v e r a l  of t h e  NWHI banks .  S h o r t l y  thereaf ter  t h i s  resource 

became t h e  t a r g e t  of a Honolulu-based t r a p  f i s h e r y  which h a s  since 

expe r i enced  a more o r  l ess  s t e a d y  growth.  

Recent r e s e a r c h  has  been directed towards  the  accumulat ion of a fund of 

knowledge which w i l l  e n a b l e  t h e  sound Kanagement of t h e  s p i n y  l o b s t e r  

resource i n  the  NWHI.  Data r e l a t i v e  t o  s e a s o n a l  and s p a t i a l  d i s t r i b u t i o n  

and abundance, p o p u l a t i o n  s t r u c t u r e ,  growth r a t e ,  s e x u a l  m a t u r a t i o n ,  and 

f e c u n d i t y  w i l l  be the  bas i s  o f  a F i s h e r y  Management Plan (FMP) f o r  t h e  

l o b s t e r  f i s h e r y .  The d r a f t  FMP p r o h i b i t s  t h e  r e t e n t i o n  o f  egg-bearing 

(berr ied)  lobsters and t h o s e  less than a s p e c i f i e d  minimum s i z e .  The 

r e g u l a t i o n s  based on t h e  d r a f t  FMP w i l l  r e q u i r e  t h a t  such  i l l e g a l  lobsters 

c a u g h t  i n  t he  U.S. F i s h e r y  Conservat ion Zone (FCZ) around the  NWHI be 

sorted from t h e  catch,  and r e l e a s e d  a l i v e .  

On l o b s t e r  f i s h i n g  v e s s e l s  i n  t h e  NWHI i t  is t h e  u s u a l  p r o c e d u r e ,  a s  

t h e  t r a p s  a r e  be ing  r e t r i e v e d ,  t o  sort the  unde r s i zed  and berried l o b s t e r s  

from the catch and th row them ove rboa rd .  Concur ren t ly ,  t h e  o l d  b a i t  is 

removed from t h e  t r a p s  and a l s o  d i s c a r d e d .  However, no e s t i m a t e s  o f  t h e  

number of lobsters  which are caugh t  and released by commercial f i she rmen  i n  

t h e  p r e s e n t l y  u n r e g u l a t e d  f i s h e r y  a r e  a v a i l a b l e .  On grounds t h a t  a r e  be ing  

i n t e n s i v e l y  f i s h e d ,  such  a s  t h o s e  su r round ing  Necker I s l a n d  and Maro Reef 

i n  the NWHI,  it is q u i t e  l i k e l y  t h a t  many a n i m a l s  a r e  t r apped  and released 

more than  once .  
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What haFnens t o  l o b s t e r s  a f t e r  they have been r e l eased  may be of 

c o n s i d e r a b l e  s i g n i f i c a n c e  t o  the  long-term p r o d u c t i v i t y  of t h e  l o b s t e r  

f i s h e r y .  Thus it is  of some importance t h a t  we have an understanding of 

t h e  f a c t o r s  which may have an e f f e c t  on an animal’s  a b i l i t y  not only t o  

s u r v i v e ,  but  a l s o  t o  grow and reproduce normally a f t e r  it has been trapped 

and returned t o  t h e  sea. With such an understanding it can be determined 

i f  r e g u l a t i o n s  governing t h e  way b e r r i e d  and undersized l o b s t e r s  are 

t r e a t e d  by commercial fishermen should be included i n  the  FMP. 

Lobs te r s  caught i n  t r a p s  and subsequent ly  r e l eased  are s u b j e c t  t o  

f a c t o r s  which may cause stress, i n j u r y ,  o r  m o r t a l i t y .  These broadly 

include:  l e n g t h  of t i m e  out of t h e  water; handl ing;  exposure t o  a i r ,  

s u n l i g h t ,  and hea t ;  release on an u n s u i t a b l e  s u b s t r a t e ;  r e l e a s e  i n  an area 

o u t s i d e  i t s  home t e r r i t o r y ;  g e n e r a l  d i s o r i e n t a t i o n  which may make t h e  

animal more vu lne rab le  t o  predat ion;  and release when l o b s t e r  p reda to r s  are 

a c t u a l l y  around the  v e s s e l .  An A u s t r a l i a n  s tudy of f i s h e r y  r e l a t e d  

m o r t a l i t y  i n  undersized and b e r r i e d  western rock l o b s t e r ,  1. Cygnus, shows 

t h a t  poor handling of l o b s t e r s  p r i o r  t o  release causes  high l o b s t e r  

m o r t a l i t y  (Anonymous 1979, 1981; Rhys S .  Brown, Western A u s t r a l i a n  Marine 

Research L a b o r a t o r i e s ,  P e r t h ,  pe r s .  commun., December 1981) .  

Gooding’ r epor t ed  on obse rva t ions  made on s u r f a c e  r e l eased  spiny 

l o b s t e r s  and p o t e n t i a l  p reda to r s  during Townsend Cromwell c r u i s e  79-02 n e a r  

‘Gooding, R. M. 1979. Observat ions on su r face - re l eased ,  sub lega l  

sp iny  l o b s t e r s ,  and p o t e n t i a l  spiny l o b s t e r  p reda to r s  near  Necker and 

Nihoa. Southwest F i sh .  Cent. ,  Admin. Rep. H-79-16, 8 p .  N a t l .  Mar. F i sh .  

Serv. ,  N A A ,  Honolulu, H I  96812. 
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Necker and Nihoa I s l a n d s  i n  the  NWHI c h a i n .  The o b j e c t i v e  of t h a t  prelimi- 

na ry  s tudy  w a s  t o  determine what f i s h  may be p o t e n t i a l  p r e d a t o r s  on s u r f a c e  

r e l e a s e d  l o b s t e r s .  Based on a number of p rev ious ly  made c a s u a l  observa- 

t i o n s  of apparent  p reda t ion  on l o b s t e r s  by white  u lua ,  Caranx i g n o b i l i s ,  

and galapagos shark,  Carcharhinus ga l apagens i s ,  which had been r epor t ed  by 

fishermen and s c i e n t i s t s  on f i s h i n g  v e s s e l s  and on the  Townsend Cromwell on 

ea r l i e r  c r u i s e s ,  those two spec ie s  were of p a r t i c u l a r  i n t e r e s t  t o  us .  

On Townsend Cromwell 79-02 experiments were conducted i n  the  presence 

of s m a l l  schools  of omilu, Caranx melamjygus, two white  u lua ,  galapagos 

sha rk ,  r e e f  w h i t e t i p  sha rk ,  Triaenodon obesus,  and gray reef  sha rk ,  

Carcharhinus amblyrhynchos. There were no o p p o r t u n i t i e s  t o  run experiments 

i n  the  presence of u luas  e i t h e r  s i n g l y  o r  i n  schoo l s .  With the  except ion 

of a galapagos sha rk ,  which w a s  observed t o  b r i e f l y  mouth a l o b s t e r  i n  

midwater be fo re  s p i t t i n g  i t  ou t .  None of t h e  f i s h e s  seen during t h a t  

c r u i s e  showed any i n c l i n a t i o n  t o  prey on l o b s t e r s .  P a r r i s h  et  a l .  (1980) ,  

i n  t h e i r  t r o p h i c  s tudy of f i s h  communities i n  the  NWHI, found t h a t  3 .6% of 

t h e  white uluas  they examined had - P. marginatus  and 1.8% had - P. 

p e n i c i l l a t u s  remains i n  t h e i r  g u t s .  H a w a i i  D iv i s ion  of Aquatic Resources 

(HDAR) b i o l o g i s t s  a l s o  r epor t ed  l o b s t e r  remains i n  ulua g u t s  (Okamoto and 

Kawamoto 1980) .  While making f i s h  surveys a t  Pearl and Hermes Reef they 

have a l s o  seen l o b s t e r  antennae protruding from t h e  mouths of white u l u a s ,  

and white uluas  preying on sp iny  l o b s t e r s  which had f l e d  from s h e l t e r  when 

d i s t u r b e d  by the  d i v e r s  (Henry Okamoto, HDAR, Honolulu, p e r s .  commun., 

December 1981 ) . 
This  r e p o r t  d e s c r i b e s  experiments conducted during Townsend Cromwell 

c r u i s e  81-04 (17 J u l y 2 7  August 1981). The c r u i s e  plans c a l l e d  f o r  f i s h i n g  
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o p e r a t i o n s  th roughou t  t he  l e n g t h  o f  t he  NWHI c h a i n  which gave u s  t he  

o p p o r t u n i t y  to look f o r  s u i t a b l e  expe r imen ta l  s i t u a t i o n s  while  f i s h i n g  i n  a 

v a r i e t y  of l o c a t i o n s .  The o b j e c t i v e s  of the  expe r imen t s  were e s s e n t i a l l y  

t o  supplement t he  rather s p o t t y  d a t a  collected on p r e v i o u s  c r u i s e s .  We 

p a r t i c u l a r l y  wanted to  ( 1 )  work w i t h  l a r g e  s c h o o l s  of l a r g e  white  u l u a s  t o  

d e t e r m i n e  under what c o n d i t i o n s  t h e y  preyed on l o b s t e r s ,  (2) de te rmine  what 

other f ishes  are p o t e n t i a l  p r e d a t o r s  on r e l e a s e d  l o b s t e r s ,  ( 3 )  de t e rmine  

t h e  p r o b a b i l i t y  of l o b s t e r s  s u r v i v i n g  p r e d a t i o n  when t h e y  a r e  released a t  

t he  s u r f a c e  and descend t o  t he  bottom i n  t h e  p re sence  o f  p o t e n t i a l  

p r e d a t o r s ,  p a r t i c u l a r l y  l a r g e  white u l u a s ,  ( 4 )  d e t e r n i n e  i f  l o b s t e r s  

c o n t a i n e d  i n  a bag f r o n  which t h e y  can be r e l e a s e d  a t  t h e  bottom are less 

v u l n e r a b l e  to p r e d a t i o n  than when t h e y  a r e  r e l e a s e d  a t  t h e  surface and 

al lowed t o  descend th rough  the  water column. 

P r  oced ur  e 

Experiments  were conducted a t  Maro Reef, Midway I s l a n d s ,  and Pearl and 

Hermes Reef (Tab le  1).  A t  Mar0 Reef and P e a r l  and Hermes Reef d i v i n g  

o p e r a t i o n s  were conducted from t h e  Townsend Cromwell while t h e  s h i p  was 

anchored .  P rocedures  i n  g e n e r a l  were s i m i l a r  to  t h o s e  followed d u r i n g  

c r u i s e  79-02. 

A c a g e  to p r o t e c t  t h e  o b s e r v e r s  from s h a r k s  was suspended from the  

v e s s e l ' s  boom, e i ther  hanging i n  midwater or r e s t i n g  on the  bottom. If 

s h a r k s  were a t h r e a t ,  t h e  d i v e r - o b s e r v e r s  s t a y e d  i n  t h e  g e n e r a l  v i c i n i t y  of 

t h e  cage .  During t h i s  c r u i s e  s h a r k  behavior  d i d  n o t  n e c e s s i t a t e  t h e  use o f  

t h e  cage .  The two o r  three underwater o b s e r v e r s  car r ied  a 16-mm movie 

camera and a Nikonos 35-rm camera.  A s t a n d b y  d ive r -obse rve r  i n  a Zodiac 

ma in ta ined  p o s i t i o n  over  t he  underwater  o b s e r v e r s .  A system of hand 
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Table 1. -P reda t ion  o b s e r v a t i o n s .  

Date Dive  Depth Po t e n t  i a 1  p r e d a t o r s  
1981 No. ( f t )  i n  t h e  a r e a  

Type o f  
lobster  r e l e a s e  

Mar0 Reef -- 
105 30-50 u l u a s ,  3 galapagos  s h a r k s  F ree  a t  sur f a c e  7/29 1 

7/29 2 105 25-40 u l u a s ,  4-5 ga lapagos  s h a r k s  Midwater from bag 
7/30 3 105 30-40 u l u a s ,  5 ga lapagos  s h a r k s  5 f t  from bot tom,  bag 

100 15-20 u l u a s  6 f t  from bot tom,  bag 7/31 4 

Midwax 

8/3 1 50 2 u l u a s  
814 2 55 2 u l u a s  
814 3 55 2 u l u a s  
8 /5 4 50 1 u l u a s ,  5 g r a y  s h a r k s  
8/6 5 40 2 u l u a s  

P e a r l  and Hermes Reef -- - 
8 /8 
8 /8 
8 /8 
8 /8 
8/8 
8 /8 
8 /8 
8 19 
819 
8 19 
819 

1 
1 
1 
2 
2 
3 
3 
4 
4 
5 
5 

60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 

75- 100 u l u a s  , 3-5 ga lapagos  s h a r k s  
75-100 u l u a s ,  3-5 ga lapagos  s h a r k s  
75-100 u l u a s ,  3-5 ga lapagos  s h a r k s  
75-100 u l u a s ,  s e v e r a l  ga l apagos  s h a r k s  
75-100 u l u a s ,  s e v e r a l  ga l apagos  s h a r k s  
75-100 u l u a s ,  s e v e r a l  ga l apagos  s h a r k s  
75-100 u l u a s ,  s e v e r a l  ga l apagos  s h a r k s  
75-100 u l u a s ,  s e v e r a l  ga lapagos  s h a r k s  
75-100 u l u a s ,  s e v e r a l  ga l apagos  s h a r k s  
75-100 u l u a s ,  s e v e r a l  ga lapagos  s h a r k s  
75-100 u l u a s ,  s e v e r a l  ga lapagos  s h a r k s  

One a t  a t ime 
Do. 
Do. 
Do. 

F ree  a t  s u r  f a c e  
Midwater from bag 
Bottom from bag 
Bag i n  midwater 
Bag on bottom 
Bag i n  midwater 
Bag on bottom 
Bag i n  midwater 
Bag on bottom 
Bag i n  midwater 
Bag on bottom 
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s i g n a l s  was used by t h e  d i v e r s  to  communicate w i t h  the o b s e r v e r  i n  t h e  

Zod iac ,  who monitored the  underwater  o p e r a t i o n  t h r o u g h  a look-box or d i v e  

mask, and r e l a y e d  messages t o  p e r s o n n e l  on t h e  v e s s e l ,  e . g . ,  when to  

r e l e a s e  lobs te rs ,  lower the  bag ,  o r  ra ise  t h e  cage .  The r e l e a s e  bag 

c o n s i s t e d  of a 1.85 m x 1.85 m ( 6  f t  x 6 f t )  p i e c e  of Saran m a t e r i a l  w i t h  a 

grommet i n  t h e  c e n t e r .  The l i n e  to lower the bag was t i e d  t o  t h e  grommet. 

In  p r a c t i c e ,  t h e  lobsters were placed on t h e  m a t e r i a l ,  and t h e  f o u r  c o r n e r s  

drawn up i n t o  a bag and t i e d  t o g e t h e r  wi th  a s l i p k n o t  u s i n g  the  l i n e  

l e a d i n g  from t h e  grommet which passed i n s i d e  of t h e  bag. A 2.3-kg (5-lb) 

lead weight was a t t a c h e d  to t h e  grommet and hung o u t s i d e  and below the  bag.  

When the  suspending l i n e  was j e r k e d  t h e  bag opened t o  r e l e a s e  t he  l o b s t e r s .  

The combinat ion of l o o s e l y  woven Saran m a t e r i a l ,  which d i d  n o t  t r a p  a i r ,  

and t h e  weight  permi t ted  the  bag t o  be lowered q u i c k l y .  We had o r i g i n a l l y  

i n t e n d e d  to s i g n a l  the  surface o b s e r v e r  to open t h e  bag b u t  found t h a t  once 

it had been lowered from the  v e s s e l  t o  t h e  required p o s i t i o n  e i ther  i n  

midwater o r  a t  the bot tom, we had better c o n t r o l  o f  t h e  experiment  i f  one 

of the  d i v e r s  je rked  the  l i n e  and opened the  bag from a p o s i t i o n  5-6 m 

(15-20 f t )  above i t .  &I some expe r imen t s  to  tes t  the behav io r  o f  p o t e n t i a l  

p r e d a t o r s  towards l o b s t e r s  s i n k i n g  t h r o u g h  t h e  water  column, t h e  l o b s t e r s  

were dropped i n  b a t c h e s  from t h e  d e c k  of the  v e s s e l ,  s i m i l a r  t o  the manner 

t h e y  a r e  d i s c a r d e d  from c o x x e r c i a l  f i s h i n g  vessels. However, we found t h a t  

when a n i m a l s  were r e l e a s e d  i n  t h i s  way, t h e y  u s u a l l y  became so wide ly  

s c a t t e r e d ,  a s  t h e y  descended ,  t h a t  it was d i f f i c u l t  o r  sometimes i m p o s s i b l e  

t o  o b s e r v e  and photograph subsequen t  e v e n t s .  If the  bag was hung abou t  

h a l f  way to t h e  bottom and opened by  a d i v e r ,  t h e  l o b s t e r s  were n o t  a s  

w i d e l y  d i s p e r s e d ,  t h u s  p e r m i t t i n g  far  bet ter  v i s u a l  o b s e r v a t i o n s  of  

p reda to r -p rey  i n t e r a c t i o n s ,  and more o p p o r t u n i t i e s  t o  t a k e  movies .  Bottom 
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releases u s i n g  t h e  bag were n o t  a c t u a l l y  on the  bottom because the  p r o c e s s  

of j e r k i n g  the  l i n e  to open t h e  bag i n v a r i a b l y  r e s u l t e d  i n  t he  l o b s t e r s  

be ing  r e l e a s e d  about  1 m above the  bottom. A bag load c o n s i s t e d  of 10-15 

lobsters .  To s i m u l a t e  c o n d i t i o n s  on commercial v e s s e l s ,  which d i sca rd  o l d  

t r a p  b a i t  c o n c u r r e n t l y  a s  t h e y  release i l l e g a l  lobs te rs ,  chum c o n s i s t i n g  of 

e i the r  chopped f i s h  or whole anchov ies  was sometimes released from t h e  bag 

a l o n g  w i t h  t he  lobsters.  

A t  Midway d i v i n g  was conducted from a sma l l  b o a t .  Lobsters were 

c a r r i e d  i n  a bag by one of the  d i v e r - o b s e r v e r s  and s i n g l e  a n i m a l s  were 

released i n  midwater while t h e  two other d i v e r s  obse rved .  The l o b s t e r s  

used i n  a l l  of the e x p e r i m e n t s ,  e x c e p t  a few a t  Midway, were t r apped  a t  

e i ther  Necker , Gardner P i n n a c l e s ,  o r  Mar0 Reef d u r i n g  t h e  l o b s t e r  s u r v e y s  

which c o n c u r r e n t l y  were be ing  conducted d u r i n g  t h e  cruise.  After ren,oval 

from t h e  t r a p s  t h e y  were p u t  i n  t h e  v e s s e l ' s  b a i t w e l l .  We have found t h a t  

l o b s t e r s  ma in ta ined  under these c o n d i t i o n s  and fed c u t  f i s h  remain i n  

a p p a r e n t  good c o n d i t i o n  for s e v e r a l  weeks. They were removed from t h e  t a n k  

j u s t  p r i o r  to r e l e a s e  d u r i n g  an expe r imen t .  During some of t h e  expe r imen t s  

a t  Midway lobsters  were used which had been hand caugh t  s h o r t l y  b e f o r e  i n  

t h e  immediate a r e a .  We used t h e  s m a l l e s t  l o b s t e r s  a v a i l a b l e ,  however, many 

of the  a n i m a l s ,  e s p e c i a l l y  d u r i n g  the  work a t  Pearl and Hermes Reef, were 

c o n s i d e r a b l y  l a r g e r  t han  t h e  minimum s i z e  ( c a r a p a c e  l e n g t h  (CL) of 7.7 cm) 

specified by t h e  l a t e s t  d r a f t  of t he  FMP. 

R e s u l t s  

Mar0 Reef 

The expe r imen t s  were conducted on t h e  wes te rn  s ide of Mar0 Reef, abou t  

5 km ( 3  m i )  s o u t h e a s t  o f  t h e  charted anchorage ground. The a r e a  i s  
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c h a r a c t e r i z e d  by numerous 5-11 m p i n n a c l e s  r i s i n g  from d e p t h s  o f  30-34 E. 

The s h i p  was anchored between the  sha l lower  a r e a s  i n  abou t  30 n. This a r e a  

was chosen because on t h e  evening b e f o r e  t h e  f i r s t  p r e d a t i o n  expe r imen t s  

were conduc ted ,  a 37-kg white u l u a  was caugh t  by t r o l l i n g  i n  t h i s  a r e a .  It 

had a s p i n y  l o b s t e r  ( 8 . 6  cm CL) i n  i ts stomach. The f i s h  was p a r t  o f  a 

s c h o o l  of large u l u a s .  

Dive 1 .-The cage was suspended about  6 m (20  f t )  below the  s u r f a c e  , -- 
and the  d i v e r - o b s e r v e r s  s t a y e d  a t  about  t he  same d e p t h .  There were 30-50 

u l u a s  r a n g i n g  from 14 t o  36 kg m i l l i n g  abou t  i n  the  i m e d i a t e  v i c i n i t y  o f  

t h e  d i v e r s ,  and three 1.2-2 m g a l a p a g o s  s h a r k s  were c i r c l i n g  well o u t s i d e .  

On t h i s  d i v e ,  as  on a l l  subsequen t  d i v e s  d u r i n g  t h e  c r u i s e ,  t h e  u l u a s  d i d  

n o t  m a n i f e s t  any s i g n s  of f e a r  o f  t he  d i v e r s .  F r e q u e n t l y  t h e y  would s w i m  

w i t h i n  a few i n c h e s  of or even t o u c h ,  an o b s e r v e r  , as  t h e y  passed .  Such 

was n o t  t h e  case w i t h  ga l apagos  s h a r k s ,  p a r t i c u l a r l y  t h e  smaller o n e s ,  

which u s u a l l y  s t ayed  well away from human a c t i v i t y .  

Because,  e a r l i e r  i n  t he  c r u i s e ,  t r a p p i n g  a t  Necker had y i e l d e d  a l a r g e  

p e r c e n t a g e  of unde r s i zed  a n i m a l s ,  most of t h e  l o b s t e r s  released d u r i n g  t h e  

expe r imen t s  a t  Mar0 Reef had c a r a p a c e  l e n g t h s  of less than  7.8 cm. 

Three l o t s  of f i v e  l o b s t e r s  each were r e l e a s e d  a t  t he  s u r f a c e  a long  

w i t h  cut f i s h  chum. As on expe r imen t s  conducted d u r i n g  Crornwell c r u i s e  

79-02, t h e  lobsters d i d  n o t  s w i m  ( t a i l  f l i p )  t owards  t h e  bottom a s  is o f t e n  

c h a r a c t e r i s t i c  o f  s p i n y  l o b s t e r s  , b u t  descended l i m p l y  w i t h  t a i l  s l i g h t l y  

c u r l e d .  The u l u a s  m i l l e d  about  among t h e  s i n k i n g  l o b s t e r s ,  and fo l lowed  

them t o  t he  bottom. Of the  20 lobsters  r e l e a s e d  we saw o n l y  one e a t e n  by  a 

f i s h .  The l o b s t e r  was t aken  i n  midwater and e a t e n  t a i l  f i r s t .  Because of 

t h e  w i d e  s c a t t e r  o f  t he  f a l l i n g  l o b s t e r s  and reduced v i s i b i l i t y  due  t o  

t u r b i d  water d u r i n g  the  d i v e ,  we were unab le  t o  make s a t i s f a c t o r y  
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o b s e r v a t i o n s  i n  midwater nor were we a b l e  to see what became o f  t h e  

l o b s t e r s  when t h e y  reached bottom. 

Dive 2.-The o b s e r v e r s  went t o  t h e  bottom. Water c l a r i t y  had improved -- 
and because o f  r e f l e c t i o n  from the  sandy s u b s t r a t e ,  l i g h t  c o n d i t i o n s  were 

be t te r  than  i n  midwater.  The bag c o n t a i n i n g  15 l o b s t e r s  and c u t  f i s h  chum 

was opened 5 m ( 1 5  f t )  from t h e  bottom. About 30 l a r g e ,  18-36 kg (40-80 

l b )  , u l u a s  surrounded the  bag a s  it was lowered from t h e  s h i p .  When t h e  

bag was opened t h e  f i s h  were immediately i n  amongst t h e  f a l l i n g  l o b s t e r s  

and chum. The f i s h  nosed the  lobsters a s  t h e y  were descend ing  and a t e  t h e  

s m a l l  pieces of f i s h  chum. No l o b s t e r s  were e a t e n  i n  midwater. About 8-10 

l o b s t e r s  landed i n  a group on t h e  sandy bottom and q u i c k l y  formed a c l o s e  

c i r c u l a r  phalanx with t he i r  heads  and an tennae  f a c i n g  o u t .  The remaining 

lobsters  landed s i n g l y  and assumed a more o r  less u p r i g h t  p o s i t i o n ,  t a i l  

f o l d e d  benea th  them and an tennae  ex tended .  The bottom was coral r u b b l e  or 

sand and a f f o r d e d  no shelter i n  t h e  immediate v i c i n i t y .  The l o b s t e r s  d i d  

n o t  a t t e m p t  to l e a v e  the  a r e a .  During t h e  10 min of bottom time which 

remained for the  o b s e r v e r s ,  t h e  u l u a s  showed r e l a t i v e l y  m i l d  i n t e r e s t  

t owards  t he  lobsters .  When a f i s h  came c l o s e ,  t h e  l o b s t e r s  t h a t  landed 

s i n g l y  would rear up and extend t h e i r  an tennae  i n  t h e  t y p i c a l  d e f e n s e  

p o s t u r e ,  always keeping t h e i r  t a i l s  c u r l e d  t i g h t l y  i n  a p r o t e c t e d  p o s i t i o n .  

Those forming a phalanx offered what appeared to  be a v e r y  e f f e c t i v e  

d e f e n s e  with t h e i r  v u l n e r a b l e  t a i l s  p r o t e c t e d  from a t t a c k .  During the  time 

a v a i l a b l e  f o r  o b s e r v a t i o n ,  no lobsters  were t aken  by  t h e  f i s h .  

Dive 3.-The n e x t  morning when about  30-40 l a r g e  u l u a s  were a round ,  t h e  -- 
bag c o n t a i n i n g  15  <7.8 C L  lobs te rs  was opened abou t  1.5 m from the  bottom 

i n  t h e  same area.  The f i s h  were q u i t e  c u r i o u s  abou t  t h e  bag as  it was 

lowered ,  and when t h e  lobsters  were released t h e  f i s h  were immedia t e ly  i n  
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amongst them. S e v e r a l  sma l l  d e f e n s i v e  groups c o n s i s t i n g  o f  two to  three 

l o b s t e r s  formed, and s e v e r a l  s i n g l e  an ima l s  t o o k  on the  charac te r i s t ic  

d e f e n s i v e  posture and b e h a v i o r .  The f i s h  showed a l o t  more i n t e r e s t  i n  t he  

l o b s t e r s  t han  on the  p r e v i o u s  expe r imen t .  I n d i v i d u a l  lobsters  and members 

of a group were f r e q u e n t l y  f l i c k e d  around or nosed by the  f i s h .  S e v e r a l  

times we t o o k  lobsters  from the bottom and r e - r e l e a s e d  them by hand abou t  6 

m (20 f t )  from t h e  bottom. Uluas would immediately come up and f o l l o w  t h e  

f a l l i n g  l o b s t e r s ,  however, no l o b s t e r s  i n  midwater were i n g e s t e d  by t h e  

f i s h .  After about  15 min and j u s t  before the  o b s e r v e r s  had t o  a s c e n d ,  two 

l o b s t e r s  were e a t e n  i n  r a p i d  s u c c e s s i o n  by two d i f f e r e n t  f i s h .  This was 

t h e  f i rs t  time we were ab le  t o  c l e a r l y  o b s e r v e  i n g e s t i o n s  and t h e  

a s s o c i a t e d  b e h a v i o r .  It became clear t h a t  t he  f r e q u e n t  nos ing  and f l i c k i n g  

a b o u t  of t h e  lobsters were at tempts  by t h e  f i s h  t o  p l a c e  t h e  l o b s t e r  i n  a 

p o s i t i o n  where it could either be ( 1 )  grabbed sideways and a f t e r w a r d s  

mouthed i n  a t a i l  f i rs t  p o s i t i o n  and swallowed, o r  ( 2 )  i n i t i a l l y  t ake  t a i l  

f i r s t  and immediately swallowed whole. After be ing  swallowed t h e  lobsters  

an tennae  remained p r o t r u d i n g  from the  two f i s h ' s  mouths f o r  some time. 

Dive 4.-The n e x t  morning w i t h  t he  s h i p  anchored i n  t h e  same g e n e r a l  

a r e a ,  we released 15 l o b s t e r s  from the  bag 1 . 5  m from t h e  bottom a t  a d e p t h  

of 32 ni (100 f t )  where 15-20 medium s i z e d ,  14-18 kg (30-40 l b )  u l u a s  were 

a round .  No ga lapagos  sharks  were v i s i b l e .  The lobsters  d i s p l a y e d  t h e  

c h a r a c t e r i s t i c  d e f e n s i v e  behavior  i n  groups or s i n g l y .  The u l u a s  showed 

c o n s i d e r a b l e  i n t e r e s t  i n  t h e  l o b s t e r s .  The f l i c k i n g  and nos ing  a c t i o n  was 

s u c c e s s f u l  i n  b reak ing  up two sma l l  groups o f  l o b s t e r s ;  however,  d u r i n g  t h e  

time we were ab le  to remain on the  bottom no l o b s t e r s  were e a t e n  o r  t aken  

i n t o  a f i s h ' s  mouth. 

-- 
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Midway I s l a n d s  

A l l  expe r imen t s  were conducted from a sma l l  b o a t  t o  t he  s o u t h  o f  Sand 

I s l a n d ,  1.5-2 nmi west of t he  channe l  e n t r a n c e ,  i n  d e p t h s  o f  12-18 m (40-60 

f t ) .  The procedure s imply  was for one o b s e r v e r  t o  hand release a s i n g l e  

l o b s t e r  a t  a time i n  t h e  p resence  o f  t he  p o t e n t i a l  p r e d a t o r s .  We never  had 

rnore than  two u l u a s  around d u r i n g  the  e x p e r i m e n t s .  

Dive 1.-Two 18-28 kg (40-60 l b )  u l u a s  were i n  the  a r e a .  The two 

l o b s t e r s  which were released had been hand caugh t  a s h o r t  time b e f o r e  i n  

t h e  same a r e a .  The f i r s t  ( a b o u t  8.0 an CL)  was released about 9 m ( 3 0  f t )  

from the  bottom. It descended r a p i d l y  towards  t h e  bottom pursued by b o t h  

o f  t he  f i s h  and was caugh t  s ideways and swallowed t a i l  f i r s t ,  j u s t  before 

it reached bottom. S h o r t l y  a f t e r w a r d s  a second l o b s t e r  ( a b o u t  6 .0  crn CL) 

was r e l e a s e d  6 m (20  f t )  from t h e  bottom. The same f i s h  caugh t  it j u s t  a s  

i t  reached bottom and swallowed it t a i l  f i r s t .  The ulua con t inued  t o  s w i m  

around i n  t h e  a r e a  w i t h  two an tennae  p r o t r u d i n g  from its mouth u n t i l  t h e  

observers surfaced. 

-- 

Dive 2.-Two 18-28 kg (40-60 l b )  u l u a s  s t a r t e d  c i r c l i n g  a s  soon a s  we 
I_- 

e n t e r e d  t h e  w a t e r .  One o b s e r v e r  c a r r i e d  two l o b s t e r s  (7.5-8.0 crn CL)  which 

had been he ld  i n  t he  Crornwell's b a i t w e l l .  The f i r s t  lobster was released 

abou t  8 IC (25  f t )  from the  bottom. It s ta r ted  f a l l i n g  l i m p l y  and was 

e a t e n  t a i l  f i r s t  by one o f  the  f i s h .  When the  o t h e r  l o b s t e r  was removed 

from the  bag t h e  same ulua r a p i d l y  swam over  and t o o k  t h e  l o b s t e r  from t h e  

d i v e r ' s  hand,  and swallowed i t ,  s l i g h t l y  b i t i n g  h i s  hand i n  the p r o c e s s .  

Dive 3.-In t h e  same a r e a  a s  t h e  p r e v i o u s  d i v e  abou t  30 rnin l a t e r ,  t he  -- 
u l u a  t h a t  had t aken  the  l o b s t e r  from t h e  d i v e r ' s  hand was s t i l l  around.  

The an tennae  t h a t  had been p r o t r u d i n g  from i ts  mouth were no longe r  

v i s i b l e .  The o t h e r  f i s h  was n o t  i n  s i g h t .  A lobster  ( a b o u t  8.5 cm C L )  
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t h a t  had been caugh t  i n  t he  a r e a  a s h o r t  time b e f o r e ,  when r e l e a s e d  8 m (25  

f t )  from t h e  bottom, s t a r t e d  a r a p i d  t a i l  f l i p  d e s c e n t  f o r  t h e  bottom. The 

f i s h  took  t h e  lobster t a i l  f i r s t  and a t e  i t .  The swallowing p r o c e s s  was 

n o t i c e a b l y  slower on t h i s  l o b s t e r  , the  t h i r d  e a t e n  w i t h i n  45 Kin.  When a 

f o u r t h  lobster o f  about  t h e  same s i z e  was r e l e a s e d  a few m i n u t e s  l a t e r ,  t h e  

u l u a ,  with t h e  an tennae  o f  t h e  l o b s t e r  e a t e n  e a r l i e r  s t i l l  p r o t r u d i n g  from 

its mouth, followed the  r a p i d l y  swimming lobster to  the  bottom, gave  it a 

nudge and swam away showing no more i n t e r e s t .  Q u i t e  e v i d e n t l y  three 

lobsters  were a l l  it could hand le  d u r i n g  t h a t  p e r i o d .  

-- Dive 4.-The fo l lowing  day i n  t h e  same g e n e r a l  a r e a  ( 1 5  m (50 f t )  

d e p t h )  wi th  f i v e  g r a y  sharks  and one 18-23 kg (40-50 l b )  u l u a  p r e s e n t ,  a 

s l i g h t l y  unde r s i zed  lobster which had been held i n  t he  s h i p ' s  b a i t w e l l ,  was 

r e l eased ,  then  r e t r i e v e d  and r e - r e l e a s e d  f i v e  times. Each time it f e l l  to  

t h e  bottom t h e  lobster e l i c i t ed  v e r y  l i t t l e  i n t e r e s t  from ei ther  the  u l u a  

or the sha rks .  The s h a r k s  l e f t  t he  a r e a  a f t e r  a few m i n u t e s .  

_I Dive 2.-Short ly  afterwards,  two u luas  approx ima te ly  18 kg (40  l b )  were 

l o c a t e d  i n  12 m (40  f t )  o f  water s e v e r a l  hundred y a r d s  t o  t he  west. A 7-8 

cm lobster from the  Gromwell's baitwell  was released 6 m (20 f t )  from t h e  

bot tom. Both f i s h  a t t a c k e d  t h e  l o b s t e r  as it descended.  One f i s h  mouthed 

i t  several times, e a c h  time g e t t i n g  it sideways.  The other f i s h ,  on a 

s i n g l e  p a s s  swallowed it t a i l  f i r s t .  During the  f o l l o w i n g  15 min 7-8 cm CL 

l o b s t e r s  were i n d i v i d u a l l y  released i n  midwater abou t  a dozen times. The 

same two u l u a s  con t inued  to  show i n t e r e s t ,  fo l lowing  t h e  lobsters  t o  t h e  

bottom each time b u t  no more l o b s t e r s  were e a t e n .  Af t e rwards  a spea red  

f i s h  abou t  20 cm (8 i n . )  long was released. Both f i s h  pursued it and one 

a t e  i t .  
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Pearl and Hermes Reef 

The Cromwell was anchored sou thwes t  of the  small b o a t  channe l  i n  abou t  

19 IE (60 f t )  d u r i n g  t h e  e x p e r i m e n t s .  Cond i t ions  were e x c e l l e n t  w i t h  calm 

s e a  and good water c l a r i t y .  

Dive 1 .-There were an e s t i m a t e d  75-100 u l u a s ,  r a n g i n g  i n  s i z e  from 

abou t  11 t o  45 kg (25 t o  100 l b ) .  The f i s h  were v e r y  bold and c u r i o u s ,  and 

s ta r ted  m i l l i n g  around t h e  d i v e r s  a s  soon as  t h e y  e n t e r e d  the  w a t e r .  There 

were a l s o  s e v e r a l  g a l a p a g o s  s h a r k s  i n  t he  a rea ,  b u t  t h e y  s t a y e d  well 

ou ts ide  t h e  c e n t e r  of a c t i v i t y ,  and u s u a l l y  were t o o  far away to  be 

v i s i b l e .  

-- 

During the  d i v e  three expe r imen t s  were r u n .  Ten l o b s t e r s  each  were 

released ( 1  1 from the  s h i p  a t  t h e  s u r f a c e ,  ( 2 )  from the bag i n  midwater 

a b o u t  8 m (25 f t )  from t h e  bot tom, and (3 )  from the  bag close to  the  

bottom. On these expe r imen t s  and a l l  subsequen t  expe r imen t s  n e a r l y  a l l  t he  

lobs te rs  r e l e a s e d  were l a r g e r  t han  7 . 7  cm CL, r a n g i n g  up to  abou t  9 . 0  cm, 

t h e  l a r g e s t  w e  had used t h u s  f a r .  

t h e  lobsters  a s  soon as t h e y  were released by a l l  three o f  t h e  t e c h n i q u e s .  

O f  those a n i m a l s  t h a t  were r e l e a s e d  a t  t h e  s u r f a c e  and i n  midwa te r ,  many 

were t aken  b e f o r e  t h e y  a t t a i n e d  bottom. Those t h a t  reached bottom would 

immediately be surrounded by many f i s h  endeavoring t o  take a l o b s t e r .  

O c c a s i o n a l l y  a f i s h  would n o t  be ab le  to  swallow a l o b s t e r  and would s p i t  

it o u t ,  a t  which time many other f i s h  would v i e  f o r  i t .  There was o f t e n  a 

v e r y  a u d i b l e  c runch  when an animal was t aken  s ideways .  The u l u a s  fol lowed 

t h e  bag down to  the  bottom, and many f i s h  were immediately i n  amongst t he  

lobsters  a s  they  were r e l e a s e d .  Most of t he  l o b s t e r s  were t aken  b e f o r e  

t h e y  could group i n t o  a d e f e n s i v e  c i rc le .  Those a n i m a l s  t h a t  d i d  s u r v i v e  

t h e  i n i t i a l  a t t a c k ,  immedia t e ly  had a gang of f i s h  su r round ing  them and 

The f i s h  v o r a c i o u s l y  a t t a c k e d  and a t e  
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w i t h i n  a few seconds  were e a t e n .  None o f  t he  30 lobsters  su rv ived  f o r  more 

t h a n  a few minu tes  a f te r  release.  

Dive 2 and 2.-Four releases of t e n  lobsters  e a c h ,  two i n  midwater and --- 
two near  t he  bottom were made d u r i n g  two d i v e s  i n  t h e  f o l l o w i n g  1.5 h .  The 

f e e d i n g  c a p a c i t y  of the  s c h o o l  was undiminished th roughou t  t h e  e x p e r i m e n t s  

and none o f  t he  released lobsters  s u r v i v e d .  

Dive 4.-The expe r imen t s  were conducted i n  a p p r o x i a a t e l y  t h e  same a r e a  
_I- 

a s  on the  p r e v i o u s  day  and p r o b a b l y  w i t h  t h e  same schoo l  o f  75-100 u l u a s .  

There were also s e v e r a l  g a l a p a g o s  sharks  and g r a y  s h a r k s  i n  t h e  o u t l y i n g  

a rea .  

On t h e  f irst  e x p e r i m e n t ,  when t e n  8-9 cm CL l o b s t e r s  were released from 

t h e  bag i n  midwater about  10 m (30 f t )  from the  bot tom, dozens  o f  f i s h  were 

around t h e  bag as it opened. The l o b s t e r s  were e a t e n  so f a s t  t h a t  i t  was 

d i f f i c u l t  to see o r  f i l m  t he  a c t i o n .  A l l  t he  lobsters  were gone w i t h i n  

a b o u t  10 sec and none reached t h e  bottom. S h o r t l y  afterwards a n o t h e r  b a t c h  

was r e l e a s e d  a t  t he  bottom. Again dozens o f  f i s h  crowded a round ,  and a l l  

10 l o b s t e r s  were gone w i t h i n  seconds  of release.  For t h e  f i r s t  time we saw 

a large ulua take a l o b s t e r  head f i r s t  i n t o  its mouth. This f i s h  swam 

around f o r  s e v e r a l  minu te s  w i t h  t he  t a i l  p r o t r u d i n g  from its mouth, 

a p p a r e n t l y  unab le  to swal low it .  When we r e t u r n e d  abou t  an hour l a t e r  on 

d i v e  No. 5, no p r o t r u d i n g  t a i l  was obse rved .  

- Dive i . -This  was a r e p e a t  o f  t h e  p r e v i o u s  e x p e r i m e n t s .  Ten each 

l o b s t e r s  were released i n  midwater 6 m (20 f t )  from the  bot tom, and on t h e  

bot tom. Most o f  those r e l e a s e d  i n  midwater were e a t e n  b e f o r e  r e a c h i n g  

bo t tom,  b u t  t h e  f o u r  a n i m a l s  t h a t  d i d  g e t  there  assumed a d e f e n s i v e  posture 

and l a s t e d  a l i t t l e  longe r  than  on p r e v i o u s  expe r imen t s  w i t h  t h i s  s c h o o l  of 

f i s h .  Although many f i s h  c o n t i n u o u s l y  circled each  l o b s t e r ,  t he  l a s t  one 
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was not  taken u n t i l  s e v e r a l  minutes l a te r .  On the  fol lowing experiment t h e  

l a s t  i n d i v i d u a l  of t he  batch of 10 r e l e a s e d  on t h e  bottom managed t o  su rv ive  

f o r  about 5 min, and our impression w a s  t h a t  t h e  ra te  of s e r i o u s  a t t empt s  by 

t h e  ulua t o  c a p t u r e  l o b s t e r  had d e f i n i t e l y  decreased t o  a n o t i c e a b l e  degree.  

On those two experiments where slower a c t i o n  p r e v a i l e d ,  i t  became more 

ev iden t  t h a t  i n  t h i s  school only t h e  l a r g e r  f i s h  were e a t i n g  o r  even mouth- 

ing l o b s t e r s  of t h e  s i z e  we were r e l e a s i n g .  It w a s ,  however, d i f f i c u l t  t o  

estimate the  s i z e  of t he  smallest f i s h  which was a b l e  t o  i n g e s t  l o b s t e r  of 

t he  s i z e  w e  were r e l e a s i n g .  Our rough guess w a s  about 16  kg ( 3 5  l b ) .  

F igu res  1-4 show u luas  preying on l o b s t e r s  a t  Pear l  and Hemes Reef. 

Also during t h e  experiments about 1,000 f t  of 16-mm movies were taken a t  

normal speed and i n  slow motion ( 4 8  and 6 4  f r ames / sec ) .  

Experiments With Galapagos Sharks 

During t h e  experiments a t  Mar0 Reef and P e a r l  and Hemes Reef t h e r e  

u s u a l l y  were r e l a t i v e l y  small galapagos sharks  (<2 m) i n  t h e  v i c i n i t y .  

They always s tayed w e l l  o u t s i d e  t h e  c e n t e r  of a c t i v i t i e s  and never 

approached a l o b s t e r  o r  showed any i n c l i n a t i o n  t o  do so. 

While anchored off Necker I s l a n d  one a f t e rnoon  we chummed wi th  c u t  

f i s h ,  and soon had s e v e r a l  galapagos sharks  ranging up t o  2 m i n  l e n g t h  

around the  v e s s e l .  While chumming wi th  f i s h ,  l i v e  l o b s t e r s  t i e d  t o  a l i g h t  

l i n e  were hung i n  the  water amongst t he  chum. Sharks on numerous occasions 

came up to  t h e  l o b s t e r s  with open mouth and turned j u s t  be fo re  reaching the  

l o b s t e r ,  o r  sometimes nosed i t .  The same th ing  w a s  t r i e d  wi th  l o b s t e r  

t a i l s  and heads,  w i th  t h e  same r e s u l t s .  

removed from a t a i l  and only t h e  muscle w a s  hanging i n  t h e  w a t e r  a sha rk  

However, when the  exoskeleton w a s  
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took it immediately and swallowed i t .  The expe r imen t s  w i t h  a l i v e  l o b s t e r  

and complete  t a i l  were r e p e a t e d  while pouring f i s h  blood i n t o  t h e  w a t e r .  

The s h a r k s  went i n t o  a f r e n z y  o f  f e e d i n g  e x c i t e m e n t ,  c o n t i n u o u s l y  nudging 

t h e  lobster wi thou t  t a k i n g  them, e x c e p t  o n c e ,  when the  e x o s k e l e t o n  of a 

t a i l ,  from which the muscle had been removed, was t aken  i n t o  a s h a r k ' s  

mouth for a moment and s p a t  o u t .  When f i s h  (Bodianus sp . )  were hung on a 

l i n e  t h e  sha rk  b i t  them o f f  and a t e  them wi thou t  h e s i t a t i o n .  

T ige r  s h a r k ,  Galeocerdo c u v i e r i ,  are known lobster p r e d a t o r s .  P a r r i s h  

e t  a l .  (1980) found t h a t  15% of t h e  t i g e r  s h a r k  g u t s  t h e y  examined 

c o n t a i n e d  remains of - P.  m a r g i n a t u s ,  however, no t i g e r  s h a r k s  were p r e s e n t  

d u r i n g  our o b s e r v a t i o n s .  

D I S C U S S  ION AND CONC LUS I O N S  

I n  any s t u d y  wherein the  n a t u r a l  environment is mod i f i ed  because o f  t h e  

p resence  of man, t he  q u e s t i o n  as t o  how e x p e r i m e n t a l  r e s u l t s  a r e  affected 

must be a d d r e s s e d .  We do n o t  t h i n k  t h a t  t he  p resence  of d i v e r s ,  even i n  

t h e  immediate v i c i n i t y ,  had a s i g n i f i c a n t  e f fec t  on t h e  f e e d i n g  behav io r  o f  

u l u a s  r e l a t i v e  to s p i n y  l o b s t e r s .  This was n o t  so wi th  g a l a p a g o s  s h a r k s .  

U s u a l l y  g a l a p a g o s  s h a r k s  w i l l  s w i m  v e r y  close t o  a s h i p ,  and show no 

h e s i t a n c y  t o  approach any p o t e n t i a l  f o o d l i k e  items t h a t  a r e  tossed o r  hung 

i n  the water. However, d u r i n g  t h e  d i v i n g  expe r imen t s  on t h i s  cruise the  

g a l a p a g o s  s h a r k s  s t ayed  well away, even when there presumably was some 

d e g r e e  o f  o l f a c t o r y  s t i m u l a t i o n  produced by t h e  fish-chum which was 

released w i t h  t he  l o b s t e r s  d u r i n g  some o f  t he  e x p e r i m e n t s .  It seems l i k e l y  

t h a t  t he  behav io r  o f  t he  r e l a t i v e l y  small sharks  we saw d u r i n g  the  

e x p e r i x e n t s  was i n f l u e n c e d  by  d i v e r  a c t i v i t y ,  and had no d i v e r s  been 

a round ,  t h e  sharks  would have come i n  c l o s e r  to  t h e  release bag and t h e  

- -I- 
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a r e a  i n  which lobsters  were released. However, a l t h o u g h  the  expe r imen t s  

w i t h  d i v e r - o b s e r v e r s  descr ibed  h e r e i n  may n o t  have provided r e l i a b l e  da ta  

on whether g a l a p a g o s  s h a r k s  a r e  p r e d a t o r s  on released l o b s t e r s ,  other 

ev idence  i n d i c a t e s  t h a t  t h i s  s p e c i e s  does n o t  prey on s p i n y  lobsters.  

Par r i sh  e t  a l .  (1980)  d id  n o t  f i n d  any l o b s t e r  remains i n  the  g u t  c o n t e n t s  

o f  42 g a l a p a g o s  s h a r k s  t h e y  examined, and d u r i n g  Townsend Cromwell cruises  

79-02 and 81-04, a t t e m p t s  to  induce  l a r g e  s u r f a c e  swimming g a l a p a g o s  s h a r k s  

t o  i n g e s t  l i v e  l o b s t e r s  or p a r t s  of lobs te rs ,  excep t  t a i l  musc le ,  were 

u n s u c c e s s f u l .  

During t h i s  c r u i s e  we were able to work w i t h  l a r g e  s c h o o l s  o f  l a r g e  

whi te  u l u a s  a t  Mar0 Reef and a t  Pearl and Hermes Reef, and with p a i r s  and 

i n d i v i d u a l s  a t  Midway. The f i s h  a t  Pearl and Hermes r a n g i n g  from 14 t o  4 5  

kg were v e r y  v o r a c i o u s  predators on l o b s t e r s  which were f o r  the most p a r t  

c o n s i d e r a b l y  l a r g e r  t han  a n i m a l s  which would be d i s c a r d e d  by commercial 

f i s h i n g  v e s s e l s  under t h e  l e g a l  minimum p r e s c r i b e d  i n  t h e  d r a f t  FMP. Large 

schools of u l u a s  which were, on t h e  a v e r a g e ,  somewhat s m a l l e r  (14-38 kg)  a t  

Mar0 Reef d i s p l a y e d  far  less i n t e r e s t  i n  smaller lobsters  t h a t  should 

presumably be more e a s i l y  i n g e s t i b l e .  A t  Midway p a i r s  of f i s h  and s i n g l e  

f i s h  i n  t he  25 kg r ange  fed a v i d l y  on l o b s t e r s  o f  up t o  abou t  8.5 cm CL. 

Our data  are i n s u f f i c i e n t  to  permit any a n a l y s i s  of the  v a r i a b i l i t y  o f  

t h e  f e e d i n g  behavior  of u l u a s  on lobsters which was observed d u r i n g  t h e  

e x p e r i m e n t s .  S t a t e  of s a t i a t i o n  must always be a f a c t o r ,  and the  p o t e n t i a l  

number o f  l o b s t e r s  which can be consumed by a school must be r e l a t e d  t o  

f i s h  s i z e  and to  l o b s t e r  s i z e  a s  well as s ize  of school. Other f a c t o r s  

might  i n c l u d e :  f e e d i n g  f r e n z y  o f  t he  f i s h  and behavior  o f  t he  lobs te rs .  

P r i o r  to t h i s  s t u d y  we had hypo thes i zed  t h a t  t he  type  of s u b s t r a t e  over  

which l o b s t e r s  were r e l e a s e d  could s i g n i f i c a n t l y  a f f ec t  p r e d a t o r  s u c c e s s ,  
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as it  would a f f e c t  t he  a b i l i t y  of t he  l o b s t e r  t o  p r o t e c t  i t s e l f  and f i n d  

s h e l t e r  when it  reached the  bottom. The l a t t e r  would be dependent on 

a s p e c t s  of i t s  phys ica l  cond i t ion  such as walking l e g  and antennae 

c o n d i t i o n ,  and a b i l i t y  t o  o r i e n t  r a p i d l y  t o  the new environment. Our 

obse rva t ions  were mostly made over s u b s t r a t e s  which a f fo rded  l i t t l e  s h e l t e r  

i n  the  immediate v i c i n i t y  and wi th  l o b s t e r s ,  except ing a few a t  Midway, 

t h a t  had been held i n  c a p t i v i t y  f o r  pe r iods  up t o  2 weeks. The markedly 

d i f f e r e n t  behavior of r e c e n t l y  caught l o b s t e r s  which t a i l  f l i p  t o  the  

bottom when r e l eased  i n  midwater, a s  opposed t o  the  behavior of animals 

held i n  c a p t i v i t y  f o r  some t i m e  which f a l l  l imply t o  t h e  bottom, may 

i n d i c a t e  t h a t  l o b s t e r s  which have experienced prolonged c a p t i v i t y  are 

handicapped i n  t h e i r  a b i l i t y  to  a d j u s t  t o  a sudden r e i n t r o d u c t i o n  i n t o  

t h e i r  n a t u r a l  environment. Thus our experiments may have been conducted 

under cond i t ions  which placed the  l o b s t e r  i n  a less advantageous s i t u a t i o n  

than i f  a commercial v e s s e l  held i t s  undersized and b e r r i e d  animals f o r  

on ly  a s h o r t  t i m e  be fo re  r e l e a s i n g  them. Despi te  the above-mentioned 

l i m i t a t i o n s  of our experimental  c o n d i t i o n s ,  based on our obse rva t ions  of 

t he  a b i l i t y  of l a r g e  uluas  t o  e f f e c t i v e l y  prey on l o b s t e r s ,  w e  do not t h i n k  

t h a t  l o b s t e r s  r e l eased  i n  the  presence of ulua schoo l s ,  even on a s u b s t r a t e  

which a f f o r d s  good s h e l t e r ,  can be e f f e c t i v e l y  p ro tec t ed  wi th  a bottom 

r e l e a s e  system or  any o t h e r  p r a c t i c a l  system. Probably t h e  only p r a c t i c a l  

way t o  safeguard l o b s t e r s  i s  t o  release them from a bag a t  t h e  bottom when 

t h e r e  is reasonable  assurance t h a t  t he  s u b s t r a t e  o f f e r s  s h e l t e r ,  and t h a t  

u l u a s  are not around the  v e s s e l .  A s  water depths on the  NWHI grounds are 

too g r e a t  t o  make v i s u a l  checks of t h e  bottom type the  release would bes t  

be made on known f i s h i n g  grounds. U l u a  s choo l s  are not  so p l e n t i f u l  on the  

NWHI banks t h a t ,  i f  a v e s s e l  has t h e  c a p a c i t y  t o  hold a l l  o r  p a r t  of t h e  



19 

day’ s  c a t c h  of i l l e g a l s  i n  a c i r c u l a t i n g  water tank and the  fishermen are 

w i l l i n g  t o  handle t h e  l o b s t e r s  with reasonable  care and w a i t  f o r  a s u i t a b l e  

t i m e  and p l ace  be fo re  r e l e a s i n g  them, t h i s  should not be q u i t e  practical. 

Such a procedure w i l l  not  p r o t e c t  every l o b s t e r  from p reda t ion ,  b u t  i f  i t  

i s  followed we do not t h i n k  t h a t  p reda t ion  from u luas  w i l l  be s e r i o u s l y  

d e t r i m e n t a l  to the  l o b s t e r  populat ion i n  the  “I f i s h e r y .  

These obse rva t ions  have conc lus ive ly  v e r i f i e d  what had p rev ious ly  been 

suspected.  White ulua do prey on l o b s t e r s  which have been r e l e a s e d  a t  the  

s u r f a c e  from commercial f i s h i n g  v e s s e l s  i n  the  NWHI, and a l a r g e  school  of 

hungry f i s h  may have t h e  a b i l i t y  t o  consume s e v e r a l  hundred l o b s t e r s .  

A l l  a v a i l a b l e  information i n d i c a t e s  t h a t  galapagos sharks  are not  a 

s i g n i f i c a n t  t h r e a t  t o  r e l eased  l o b s t e r s .  
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Figure 1 . - -A  rare i n s t a n c e  of an u lua  a t tempt ing  t o  swallow a 
l o b s t e r  head f i r s t .  



Figure  2.--An u lua  swallowing a l o b s t e r  t a i l  f i r s t .  



Figure 3.--Fish milling around lobsters on the bottom looking f o r  
an opportunity to attack. 



Figure 4.--Uluas a t t a c k i n g  a l o b s t e r  which has  j u s t  landed on t h e  
bottom and has  n o t  been a b l e  t o  assume a de fense  pos tu re .  


